A first step in evaluating the use of computers in language therapy for individuals with aphasia is to establish the treatment as active in small groups prior to large-scale clinical trials. The present study evaluated a comprehensive computer-based language therapy program in a group of eight individuals with chronic in aphasia varying broadly in age, time post onset and aphasia type. Results revealed an overall therapeutic benefit in auditory comprehension, as well as positive trends in functional communication. Findings suggest that comprehensive therapy programs may be beneficial for many individuals with aphasia, and computer-based therapy may be one feasible avenue of providing this intervention.
Introduction
Computers are ubiquitous in our society. People use computers to write letters, do their banking, and to access or to provide entertainment. Computers are also recognized as a powerful learning tool, providing interactive activities, enhanced graphic displays and varied practice. It is no wonder then that interest in the use of computers in language therapy for individuals with aphasia is growing and becoming recognized as a potentially useful resource. There are now numerous software programs available on the commercial market offering therapy activities for individuals with aphasia. Scientific evaluation of this therapy approach, however, remains in its infancy. In a recent review, Wertz and Katz [2004] identified only one randomized controlled clinical trial out of 12 studies. To some extent this slow progress reflects constraints imposed by clinical research: treatments must be established as safe and active under ideal conditions before larger trials and modifications to existing therapy options can be undertaken [Robey, 1998] . The present paper represents a first endeavor along this path -it reports a preliminary evaluation of a comprehensive computer therapy program by individuals with chronic aphasia.
Computer-based language therapy programs for individuals with aphasia may be either specific, designed to target a particular deficit area, or general, addressing many deficit areas. Anomia has been the most common focus of specific programs with effectiveness established across several studies [e.g. Raymer et al. 2006; Laganaro et al. 2006; Fink et al. 2005; Doesborgh et al. 2004; Mortley et al. 2004 ]. Therapeutic benefits have been reported also for specific programs addressing other goals such as sentence comprehension [Crerar et al. 1996] , sentence construction [Linebarger et al. 2001] , and spelling [Mortley et al. 2001] .
A small number of general therapy programs have been described. Katz and Wertz [1997] described a computerized reading treatment that consisted of 29 activities, each containing eight levels of difficulty for a total of 232 different tasks. The treatment software automatically adjusted task difficulty in response to participant performance in order to maintain frequent and accurate responses while still presenting challenging tasks. Results of their randomized controlled clinical trial revealed the effectiveness of this computer-provided intervention over nonlanguage related computer stimulation and no therapy. It should be noted that all participants in the computerized reading treatment group received the same treatment with each participant exposed to a systematic hierarchy of language-based treatment stimuli. The use of a nonspecific, nonverbal, language-like computerized symbolic communication system for individuals with aphasia also has been the focus of several studies by Steele, colleagues [e.g. Weinrich et al. 1993, 1989] . A commercial version, Lingraphica TM , incorporating multimodal treatment administered by a speech-language pathologist has been shown to improve natural language, including oral-expressive language [Aftonomos et al. 1999 [Aftonomos et al. , 1997 .
A comprehensive computer therapy program available commercially and the focus of the present study is titled AphasiaMate TM (http:// www.avaaz.com). The program targets auditory and visual processing of both nonverbal and language stimuli, as well as time and numerical concepts. It is organized into eight modules, each with hierarchically organized sections and subsections for a total of 146 tasks. AphasiaMate incorporates both a computerization of familiar tasks drawn from traditional language therapy and novel tasks unique to a computer environment. Progress through the activities can be monitored via the automatically recorded session tasks, scores and timed responses. The program can be used under the direction of a speechlanguage pathologist, other trained person or can be self-directed.
It can be argued that the use of computer-based language programs with specific goals mirrors the process of traditional aphasia therapy most closely; that is, a clinician selects intervention strategies targeting specific areas of need identified in a comprehensive assessment. Certainly, there is now a great deal of support summarized in two evidence-based reviews of cognitive rehabilitation for individuals with neurogenic communication disorders indicating that therapy for specific language impairments is effective [Cicerone et al. 2002 [Cicerone et al. , 2000 . There are several reasons, however, why matching specific deficits and interventions can be either difficult or limiting. Firstly, it is widely recognized that aphasia assessment batteries in standard use may not be sensitive enough to differentiate the cognitive processing mechanisms underlying presenting deficits thereby precluding the accurate identification of specific deficits. Secondly, there is insufficient evidence at present to help clinicians decide what areas of deficit should receive the highest priority in treatment. A striking example was recently reported by Thompson and colleagues [Kiran, 2007; Thompson and Shapiro, 2007] demonstrating the effectiveness of a counterintuitive approach to therapy involving training of complex structures to promote generalized improvement of simpler linguistically related structures. And finally, at the present time there is no reason to limit the scope of language therapy in aphasia management particularly in light of repeated evidence that individuals with chronic aphasia improve over a wide range of therapy goals [Moss and Nicholas, 2006] provided adequate resources are available. There is a need, then, to continue to evaluate comprehensive language therapy for individuals with aphasia such as that offered in AphasiaMate.
The challenge of clinical research is widely recognized. Robey and Schultz [1998] have made a significant contribution to the field by outlining a five-phase model for conducting treatment outcome research. Briefly, the purpose of phase 1 studies is to establish the treatment's safety, and to detect whether the treatment is active. In phase 2, the aim is to specify such variables as the target population, treatment protocol, and dosage. Phase 1 and 2 studies are brief, employ small samples, and do not require external controls. Positive results from phase 1 and 2 studies justify testing the efficacy of a treatment under optimal conditions (i.e. phase 3). Phase 3 is said to require a randomized clinical trial with a large sample. Following phase 3, the effectiveness of the treatment must be established in what the authors describe as phase 4 studies conducted under ordinary conditions of clinical practice with typical patients. Finally, phase 5 studies evaluate the treatment's efficiency addressing questions of cost-benefit, or cost-effectiveness.
The present study represents a pilot study. That is, this study is an initial evaluation of the use of a comprehensive computer-based language therapy, AphasiaMate. As a pilot study, the purpose was to establish positive benefits to individuals with aphasia when AphasiaMate was added to their existing therapy program in our clinic. The study was conducted in a university-based research-teaching clinic in London, Canada. Standard care for individuals with aphasia in the clinic involves the options of individual therapy addressing specific goals and group therapy focusing on general communication skills and participation. Computer-based language therapy had not been employed prior to the present study, and AphasiaMate was the only computer therapy program used in the clinic throughout the study. As this was an initial, exploratory study and the effectiveness of AphasiaMate had not been established previously, involvement in regular therapies in the clinic was not withdrawn during the course of the study.
One aim of the present work was to evaluate the extent to which participant progress was specific to certain areas, or resulted in more generalized improvements (across a range of skills). Focused areas of improvement may point to the need for a close match between identified deficits and intervention methods whereas general improvements would reflect an overall therapeutic benefit. A second goal was to examine both language and functional communication outcomes as a result of using AphasiaMate. While improvement in language skill has been measured in virtually all reports of computer-based therapy, few have reported results related to functional communication [e.g. Mortley, 2004; Aftonomos et al. 1999] . Establishing the ecological validity of computer-based language therapy is a crucial step in advancing its evaluation, and its use as an effective intervention tool.
Methods

Participants
Ten individuals with aphasia were recruited from a university-based clinic in London, Canada. Participants met the following criteria: (1) aphasia resulting from a single cerebral vascular stroke to the left cerebral hemisphere; (2) at least 6-months post-stroke; (3) a Boston Aphasia Severity Rating Scale score greater than 0 (1 to 5 scores); (4) right-handed on self-report; (5) English as primary language; and (6) pass a hearing screening at 40 dB HL at 0.5, 1 and 2 kHz.
Of the ten participants recruited initially one died during the study and one withdrew after three sessions. Demographic characteristics of the eight participants who completed the study are presented in Table 1 . In keeping with the exploratory nature of this work, the ranges in age (55 to 87 years), time post-onset (9 months to 12.5 years), and aphasia severity (1-4 Boston Aphasia Severity Rating Scale) were broad among the six male and two female participants. Detailed radiological findings for each participant were not available due to a variety of reasons including long periods of time post-stroke and referrals from facilities in which routine Table 1 . Demographics for study participants. neuroimaging was not performed. All participants except one were involved jointly in individual and/or group therapy at the clinic during the course of the study. Six participants lived in their own residence. Two lived in nursing care homes.
Procedures
Participants used AphasiaMate at least one hour per week over an average of 15 weeks. Several options for using the program were offered in order to maximize use. These options included using it independently on the participant's own computer at his/her home or on a computer in the clinic, or with a trained person either on a computer in the clinic or on a laptop computer brought to the participant's home. The trained person assisted the participant with computer operation only, sometimes responding using mouse-clicks when participants pointed to an item on the screen. The trained person included either graduate students in speech-language pathology, research assistants, or one of the authors. The options determined for each participant varied and are listed in Table 1 . Only one participant used the program independently at home as the sole mode of delivery. The remainder completed sessions with a trained person at home and/or in the clinic combined with independent practice in some cases.
Each participant began the program at the first level of a recommended section or subsection and progressed to other tasks when a criterion of at least 80% accuracy over two consecutive sessions was reached. Once the recommended sections and subsections were completed, participants progressed through other sections according to this criterion. For those using the program independently, progress was reviewed via saved data records every 2 weeks. Tasks on which the participant did not receive a score of 80% or better over two sessions were highlighted on a list for the participant's reference.
AphasiaMate software
The sections and subsections of the eight modules in AphasiaMate are organized in a hierarchy according to assumed task difficulty, language complexity and number and type of foils. The modules, together with sample tasks, are listed in Table 2 . The program uses graphic images, prerecorded real voice messages, and written letters, numbers and words to present instructions and stimuli. Participants navigate and respond using mouse clicks. All task responses require either a one-or two-step mouse-click response. No clickand-drag responses are required. In the two-step 
Outcome measures
Three outcome measures were used to evaluate changes in language and functional communication. The Western Aphasia Battery (WAB) [Kertesz, 1982] was administered to all participants pre-and post-computer therapy by a graduate student in speech-language pathology under the supervision of the authors. The WAB is a comprehensive standardized test of language performance for individuals with aphasia that includes measures of spoken language, naming, auditory comprehension, reading and other modalities. The Communicative Effectiveness Index (CETI) [Lomas et al. 1989 ] was completed preand post-computer therapy by a family member where available (six participants). The CETI is a standardized 17-item index of functional communication for individuals with aphasia. Family caregivers use a visual analogue scale to record the status and change in status of their relative's communication skill. The Functional Assessment of Communication Skills for Adults (ASHA-FACS) [Frattali et al. 1995] also was completed for all participants by one of the authors (LMDA) pre-and post-computer therapy. An independent ASHA-FACS was completed by a graduate student in speech-language pathology for one of the participants at pretesting. Response agreements, within two scale scores, were achieved for 96% of the 33 questions that comprise the measure. The ASHA-FACS is a standardized index of functional communication for individuals with aphasia completed by the clinician. Each item is rated on a scale from 1 to 7. The ASHA-FACS measures independence of communication in the domains of social communication, basic needs, reading, writing and numbers, and daily planning, as well as qualitative dimensions of communication including adequacy, appropriateness, promptness, and communication sharing. All tests were scored by the graduate student administering the test and again by the research assistant associated with the study. Any discrepancies were discussed with the authors until consensus was reached.
Statistical analysis
All pre-and post-computer therapy measures were compared using nonparametric statistics due to the small sample size. Given the number of comparisons involved, 95% confidence intervals around the mean difference were computed also. Only differences reaching significance on the Wilcoxon signed rank test and for which the confidence interval around the mean difference did not include zero were considered reliable. Group comparisons included pre-and post-WAB subsection scores and the WAB Aphasia Quotient (AQ), and the two composite scores from the ASHA-FACS, Communicative Independence Measure (CIM) and Qualitative Dimensions of Communication (QDC). Responders on the CETI placed an 'X' along a 100 mm line to rate performance on 16 daily situations. The anchor points on the line are not at all able and as able as before the stroke. Items are scored as the number of mm from the start of the line to the X. The change in mm for the first 16 questions from pre-to post-computer therapy was compared. Question 17 on the CETI is an overall rating of functional communication using a seven-point scale. A separate test was used to compare pre-and post-computer therapy scores for this item.
Results
The time spent in computer tasks and the number of tasks completed by each participant in the study are presented in Table 3 . Participants spent an average of 21.48 hrs (SD ¼ 12.33; R ¼ 5.5 to 39.5) on computer therapy tasks over an average of 15.37 (SD ¼ 4. 
Language measures
Pre-and post-computer therapy scores and mean change scores for the WAB sub-sections and Aphasia Quotient are shown in Table 4 . There was a reliable increase in auditory comprehension sub-test scores reflected by both the significant Wilcoxon test, Z ¼ À2.18, p ¼ 0.03, and the entirely positive confidence interval around the mean difference. Comparisons between preand post-computer therapy scores in the naming subtest, Z ¼ À1.99, p ¼ 0.046, and spontaneous speech sub-test, Z ¼ À1.72, p ¼ 0.086, either were significant or approached significance, respectively, however the confidence intervals around the mean difference in both cases spanned zero. No significant improvements were found for the subtest scores of repetition, Z ¼ À1.15, p ¼ 0.249, reading and writing, Z ¼ À0.56, p ¼ 0.575, or the WAB AQ, Z ¼ À1.54, p ¼ 0.123.
In order to evaluate specific therapeutic changes, the greatest time spent on AphasiaMate modules and the greatest change in WAB subsections was evaluated for each participant. Table 5 outlines the two AphasiaMate modules on which the respective participants spent the most time and the WAB subsections associated with the largest positive change scores, and indicates if there is a match between these. Matches were assigned if both the therapy module and change scores involved either auditory processing or written language skills. Changes in WAB spontaneous speech, repetition, and naming were not considered to match any of the AphasiaMate modules. According to this criterion, a match between therapy target and area of improvement was noted for six of the eight participants (75%). Figure 1 displays the pre-and post-computer therapy change in the WAB AQ. Although there was not a significant group change, it is clear that some participants made improvements. Six of the eight participants showed increases in their WAB AQ post-treatment. The four with the greatest increase in their WAB AQ (i.e. participants 3, 5, 6, and 8) had the lowest WAB AQ scores at pretesting. The two participants who showed substantial increases of more than 14 points (i.e. participants 6 and 8) had WAB AQ scores of 14.8 and 45.3 at baseline. The two who showed moderate increases of more than eight points (i.e. participants 4 and 5) had WAB AQ scores of 72.3 and 7.9 at baseline.
A ceiling effect may have reduced the change scores for the participants with mild severity levels. Participants with a Boston Aphasia Severity Rating of 1 or 2 (moderate; n ¼ 5) had a mean WAB AQ change of 8.5 (SD ¼ 12.5; R ¼ À12 to 21.2) whereas participants with a Boston Aphasia Severity Rating of 3 or 4 (mild; n ¼ 3) had a mean AQ change of 2.7 (SD ¼ 4.0; R ¼ À1.8 to 5.7).
Two participants showed a decline in their WAB AQ post-computer therapy. Participant 1 had a minimal decline of 1.8 points. However, as seen in the subsection scores from Table 4 , participant 1's greatest increase was in reading and writing, a subsection that is not calculated as part of the WAB AQ. Participant 7 showed a substantial decline of 12 points in the WAB AQ. Subsection scores in Table 4 indicate that the greatest decline was in repetition, a response modality not used in AphasiaMate treatment, and in comprehension. When the specific tasks comprising comprehension were reviewed for this participant, there was no change in answering yes/no questions or auditory word recognition. However, there was a 12-point decrease in sequential commands. It was this particular decline that contributed to the change in the WAB AQ.
The aphasia classification changed for four of the participants at post-testing (refer to Table 1 ). Two participants with conduction aphasia evolved to anomic, and one participant with global aphasia evolved to Broca's. The two participants with the largest increase in WAB AQ (i.e. improvement) presented with Broca's aphasia initially. Participant 7's classification was affected by this participant's poorer performance on the auditory comprehension subsection of the WAB at post-testing. This change is discussed in further detail below. Table 6 summarizes pre-and post-computer therapy scores for the total CETI score (sum of questions 1 through 16), the overall rating score from question 17 of the CETI, and the change scores. The change scores for the total CETI score were converted to a percent change to enable comparisons among participants. The change in the total CETI score failed to reach significance, Z ¼ À1.75, p ¼ 0.08. Family member responders interpreted Q17 as a sevenpoint continuous scale rather than as an interval scale as indicated by their markings along the line above the ordinal scale rather than circling the scale number. As a consequence, the overall CETI rating data are presented and analyzed as a continuous variable. The Wilcoxon test comparing the pre-and post-overall CETI rating approached significance, Z ¼ À1.84, p ¼ 0.066. The results of the overall CETI rating were bimodal; family members either assessed a large change (10-20 mm of change out of a possible 100 mm) or little change (0-4 mm of change out of a possible 100 mm). These results may be related to aphasia severity levels. Participants with a Boston Aphasia Severity Rating of 2 (moderate) were assigned increases by family members of 10-20 mm. Participants with a Boson Aphasia Severity Rating of 3 or 4 (mild) were assigned little change (0-4 mm). The most severe participant, participant 5 with a Boston Aphasia Severity Rating of 1, did not fit this pattern with no change being assessed in the overall CETI rating at post-testing. The results of the total CETI score were more uniform with the exception of two family members: participant 3's family member (severity level of 4) did not observe any change as measured by the CETI, and participant 4's family member (severity level of 2) reported a mean change in the negative direction. CETI data for participant 4 showed that Q13, Understanding writing, was an outlier: the score for Q13 had dropped by 90 mm at post therapy testing, a change which was more than three times the standard deviation below the mean difference score for this participant. When this outlier was removed from the data set, the change score became 0.4. The overall CETI rating for participant 4 was one of the largest positive increases found in the study.
Functional communication measures
Pre-and post-computer therapy scores for the overall qualitative dimensions of communication score (QDC) and communication independence measure (CIM) of the ASHA-FACS are shown in Figures 2 and 3, respectively. There was a significant increase in the overall QDC, Z ¼ À2.38, p ¼ 0.017, although the confidence interval around the mean difference marginally included zero (À0.04 to 1.15). The participants with the two lowest QDC scores at pretesting (i.e. participants 5 and 6) showed the largest increases. These two participants showed moderate increases on the WAB AQ at post-testing. There was no significant change in the CIM, Z ¼ À0.73, p ¼ 0.46. The two participants with the lowest CIM at pre-testing (i.e. participants 5 and 6) showed the largest increases. These two participants were the same ones who exhibited the largest increases on QDC and moderate increases on the WAB AQ. The participants who had the most substantial changes in their WAB AQ (i.e. participants 6 and 8) showed only minor changes in both the QDC and CIM.
Discussion
The results of this study suggest that computerbased language therapy can lead to positive changes in the language and functional communication skills of individuals with chronic aphasia. As a group, study participants improved significantly and reliably on standardized measures of auditory comprehension, and showed a pattern of improvement in naming, spontaneous speech, overall ratings of communication and qualitative dimensions of communication. In addition, important individual changes occurred in specific language domains with a match between therapy activities and outcome measures showing improvements for a substantial majority of the participants. Individuals who exhibited moderate-severe levels of aphasia pretherapy showed a greater positive change than those with mild aphasia pretherapy.
The positive changes in the present study were associated with the use of a comprehensive, computer-based aphasia therapy program offering a hierarchy of activities across a variety of language domains. Results of group-wise improvements in auditory comprehension suggest the presence of an overall therapeutic benefit to comprehensive language therapy. It is possible that practice across domains provides scaffolding effects that lead to greater overall improvements. It also may be the case that the complexity within the AphasiaMate program provided sufficient challenge for individuals with aphasia with both severe and subtle deficits across a range of domains. Nevertheless, it is reasonable to argue that despite any potential benefit of clinicianprovided comprehensive language therapy, the practical limitations in terms of time and resources preclude its implementation in most settings. However, computer-based language therapy programs such as AphasiaMate present a mechanism for providing language activities across a number of domains that optimizes demands on professional resources.
Of course the presence of a general therapeutic benefit does not preclude the occurrence of specific rehabilitative effects as well. The present results provide evidence of measurable change in areas corresponding to the domain targeted in language therapy. This finding is consistent with a growing number of studies reporting the benefits of computer-based language programs designed to meet the specific therapeutic needs of individuals with aphasia [e.g. Doesborgh et al. 2004; Mortley et al. 2004] . The current work demonstrates that a sufficiently comprehensive program such as AphasiaMate has the scope to provide adequate and ample therapy activities within specific domains potentially precluding the need to design individual programs for each rehabilitative goal.
The present study provides some preliminary evidence of a positive change in functional communication after computer-based language therapy. The use of a computer to deliver therapy has long been criticized because of its conceptual distance from the essence of traditional face-to-face, person-to-person communication. The assumption among some aphasiologists is that although language skills may improve following computerbased language therapy there is little hope for a change in functional communication when no communication is being focused on in therapy. There is growing evidence, however, that this is not the case. One compelling example of a beneficial effect is our participant 7, whose WAB AQ fell considerably post-therapy but whose functional communication on the CETI improved substantially. It is unclear at present what mechanism may account for this functional change. It is possible that the improvement is related to the intensity of practice, a growth in self-confidence, increased interest of communicative partners in therapy, the respondent's response variability, or some other variable.
The results of this study also provide early indications as to the types of patients who can benefit from using AphasiaMate and similar programs. A consistent finding across the language and functional measures was the greater degree of improvement in participants with moderatesevere aphasia. It should be noted that other studies have reported more substantial improvements for groups with mild impairments [e.g. Aftonomos et al. 1999] . It may be that the present results were influenced by a ceiling effect in our participants with mild aphasia. Further research is needed to investigate the issue of aphasia severity and therapeutic benefit of computer-based language therapy.
The present findings also suggest that patients can benefit from using AphasiaMate regardless of their time post-onset. It has long been held that a patient's recovery and response to treatment is best in the early period (less than 2 years) post-onset [Robey, 1998] . There is growing evidence, however, that individuals in the chronic phase can respond positively to treatment [e.g. Lagarano et al. 2006 ]. The present results lend strong support to this assertion.
There is little indication in the present findings that the amount of time spent on computer therapy is linked directly with outcomes. The participant who spent the most time in computer-based language therapy in our study, participant 1, had a small decline in WAB AQ although showed a considerable improvement in reading and writing. Conversely, the participant who spent the least time, participant 8, had the second highest WAB AQ change. Thus, response to therapy may be linked to some other as yet unspecified variable rather than exclusively to time in therapy.
The present study represents a pilot evaluation of the effectiveness of AphasiaMate. It is important to note that the sample size was small and drawn from one clinic population. Moreover, the participant group was highly heterogeneous in terms of time post-onset and severity of aphasia, and lacked detailed radiological findings. In addition, the test instruments chosen may not have been sensitive to the improvements by the participants over the course of the study, although they are similar to those used in previous studies in which significant improvements in language performance were found (see Robey [1998] for a review of 55 studies). For our mild participants, there may have been a ceiling effect both on the WAB and the ASHA-FACS measures. Nevertheless, taken together, the results are promising indications of the effectiveness of the computer-based language therapy, and of the use of AphasiaMate, in particular for individuals with chronic aphasia. Further studies should investigate the use of computer-based language therapy in greater intensity, and for individuals with an earlier time post-onset.
